Abstract: Levine and Zervos (1998) 
Introduction
Should developing countries seek to develop liquid stock markets as a means of advancing economic growth? Economics have long debated this topic, which is understandable, given the considerable policy relevance that flows from how the question is answered. Levine and Zervos (1998) made an influential contribution to this literature through developing an extensive empirical model capable of addressing this question. Their model uses data for 47 countries from 1976 to 1993.
They also incorporate a range of control variables through which they are able to isolate the effects of liquid stock markets on growth from a range of other potential influences. Here they draw constructively from the broader recent literature that uses cross-country multivariate regressions to evaluate the determinants of growth.
Levine and Zervos found that stock market liquidity, measured in various ways, is "a robust predictor of real per capita gross domestic product growth, physical capital growth and productivity growth," after controlling for a range of other potential sources of growth. However, in replicating 2 the Levine and Zervos model, we conclude that their findings are not robust. Rather their results are driven by outliers in their model, as is strongly suggested by a visual inspection of the residual scatter plot of the stock market liquidity -GDP growth relationship. Levine and Zervos argue that they have adequately handled the issue of outliers in their model, but in fact their treatment is seriously incomplete, to the point where the statistically significant effects of their stock market liquidity variable disappear after one employs a more careful set of controls for outliers. Our formal replication exercise also shows that the significance of the stock market liquidity variable is completely driven by the contributions of five Asian Tiger economies-Taiwan, South Korea, Hong Kong, Singapore, and Thailand. This finding is also strongly suggested by observing the residual plot. When we control for the effects of these countries with a single dummy variable, the stock market liquidity variable is no longer close to being significant. In short, contrary to Levine and Zervos's conclusions, our replication finds that once one utilizes various appropriate measures to control for outliers, one can no longer conclude that countries will enjoy faster economic growth through operating more liquid stock markets.
Given the fact that the Levine/Zervos results are driven by the experiences of the Asian Tigers, their model actually suggests that it was the unique features of the Asian Tiger financial systems through the early 1990s, and this alone, that made significant contributions to GDP growth for these countries. We comment briefly on this point at the conclusion of the paper, after presenting the results of our replication exercise.
Problems with Controlling for Outliers
Levine and Zervos present two measures of stock market liquidity. We focus on their preferred measure, which they term "turnover." This is the value of trades of domestic shares on domestic exchanges divided by the value of listed domestic shares. Our overall findings do not change when we use their second measure, "value traded," which equals the value of the trades of domestic shares on domestic exchanges divided by GDP. In Table 1 , we present our full set of results, including our exact replication of the Levine/Zervos results in Columns 1-3, and our own variations on these models in Columns 4-11 (in the Appendix, we report the outlier control method used in each specification as well as the countries excluded by each method). As we show, we use the same set of control variables as Levine and Zervos in each of these specifications (see Levine and Zervos for the complete definitions of these control variables). In all specifications except the median regression in Column 10, we also follow Levine and Zervos in using heteroskedasticity-consistent standard errors.
The figures in Column 1 exactly reproduce Levine and Zervos's initial results. Thus, they found that a one percentage point higher turnover ratio for a country's stock market in 1976 produces an annual rate of GDP growth that is 0.027 percentage points faster over the period of their data sample, 1976-93. Consider the case of Mexico, for example, whose stock market operated at a turnover ratio of 0.06 in 1976. According to this initial set of findings, if the 1976 Mexican turnover ratio had instead been at 0.54, which was the figure for South Korea, Mexico would have raised its average annual growth rate of GDP per capita by a full 1.3 percent through 1993-from an anemic 0.8 percent rate to the average for the full sample of 2.1 percent. Levine and Zervos state that this central result of their paper is robust to alternative specifications and to the exclusion of outliers, writing "in particular, stock market liquidity remains robustly correlated with growth…after removing potential outliers," (p. 553). They apply two methods for the management of outliers. The first is to use studentized residuals (Belsley, et al., 1980) to test for the influence of leverage points. Columns 2 and 3 report the regression results for a sample excluding observations with high studentized residuals.
Column 2 excludes Korea, Jamaica, and the Philippines as outliers. These are the countries that, in an unpublished annex to their paper, Levine and Zervos reported as outliers based on the studentized residual method. However, using the same technique and identical data set as Levine and Zervos, we identified Cote d'Ivoire as the third outlier country while the Phillipines did not warrant exclusion.
Thus, in Column 3, we report results with South Korea, Jamaica, and Cote d'Ivoire as outliers. We see that the magnitude and significance of the turnover variable is basically unchanged by this 4 difference in specification. In both cases, as in the initial model, stock market turnover remains a significant determinant of GDP growth.
The second method Levine and Zervos use to control for outliers is visual inspection. They examine a scatterplot of residuals from the regression of each of the dependent and key independent variable on all of the other variables and identify outliers on an ad hoc basis following the results of the scaterplot. By this second method, Levine and Zervos identify Taiwan, Korea, Japan, and India as outliers (though they report these as their outliers in the 1996 Working Paper version of their study only). They then report that the regression results are not substantively changed by these exclusions.
We reproduce the results of this specification in Column 4. As we see, the coefficient on turnover rises to 0.049 and remains highly significant.
However, we also present in Figure 1 Because of these problems with Levine and Zervos's methods of controlling for outliers, it therefore becomes necessary to test the robustness of their results through additional outlier control techniques. We pursue seven additional techniques that assess or reduce the leverage of outliers.
These include:
the three additional methods discussed by Belsley et al., (1980) of identifying single-row leverage points; a method due to Hadi (StataCorp 2002) that excludes outliers identified through a multivariate method; the method of median regression; the exclusion of Taiwan and Korea alone as being visually obvious outliers; the inclusion of a dummy variable for Taiwan and Korea as well as Hong Kong, Singapore, and Thailand, the other distinct Asian Tigers which also appear by visual inspection to be outliers.
As we will see, Levine and Zervos's basic result of a significant coefficient for the stock turnover variable is not robust to any of these alternative specifications. Indeed, only in two of these alternative specifications does the t-statistic exceed 1.0. Under some of the specifications, the coefficient on the turnover ratio is estimated to be close to zero with substantial precision.
Results with Alternative Outlier Control Methods

Belsley, et al., (1980) describe three additional techniques in addition to those used by Levine
and Zervos for identifying the leverage of single data points: fitted-value analysis; covariance matrix analysis; and hat-matrix diagonal analysis. We estimate the model excluding the outliers identified by each of the Belsley, et al.'s methods and report the results in Columns 5 through 7 of Table 1 . As we see, in one case, the coefficient falls as low as 0.013, and at its highest, the t-statistic reaches 1.30.
But Belsley et al. caution that "residual analysis alone is not a sufficient diagnostic tool" (1980, p. 51) with an illustrative diagram that the single-row elimination can fail to identify any undue leverage if even as few as two outlying data points provide the leverage in the same direction.
Hadi develops an entirely atheoretical method-that is, the dependent and independent variables are not distinguished-for identifying observations that are "far" from the mass of data.
Using the Stata Version 7 (2002) implementation of the Hadi method, we identify and exclude from the regression the 14 observations with distance scores that fall in the 5 percent critical range. We report in Column 8 the results from applying this Hadi method. Because the sample size is smaller, 6 the substantially higher R-squared value does not necessarily indicate a true improvement in fit. The estimated coefficient on turnover falls to 0.018 (0.017).
The method of median regression, or least absolute deviations, provides regression estimates that are particularly robust to outliers. Median regression coefficient estimates minimize the sum of absolute residuals (Koenker and Hallock 2001) . Outlying points therefore exercise less leverage than they do with the squared residual in OLS regressions. The relative robustness to outliers of these regression techniques is analogous to that of the median and the mean in univariate analysis. We apply median regression and report the estimated parameters and bootstrapped standard errors in Japan and India as outliers appears weak. According to our visual inspection, only Taiwan and Korea appear as obvious outliers. We exclude them from the specification reported in Column 10. Without these two data points, the coefficient on turnover falls to an insignificant 0.018 (0.018). The adjusted R-squared, no longer buttressed by the excellent performance of the model in explaining Taiwan, falls to 0.41.
Finally, both the Hadi method for identifying outliers and a visual assessment of a labeled scatterplot suggest that the rapid growing Asian "tiger" economies stand out from the rest of the world. We therefore include a dummy variable for the tigers, which we identify as including Taiwan, Korea, Hong Kong, Singapore, and Thailand. The results of this specification are shown in Column 11. The coefficient on stock turnover decreases to an inconsequential and insignificant 0.002 (0.006 ) 7 and is more precisely estimated than in the Levine and Zervos specification. We can actually reject the Levine and Zervos result of 0.027 at 95 percent confidence. The addition of this single dummy variable increases the R-squared by more than 50 percent, from 0.50 to 0.77 and the coefficient on the Tiger dummy is a highly significant, 0.045 (0.007).
3 It seems clear then that that the Levine and Zervos results are heavily driven by differences between the high-growth Asian economies and the rest of the world. But it also appears that both within the Asian Tigers and within the rest of the world, stock market turnover has no statistically observable independent effect on GDP growth.
Conclusion
An ample literature exists on the main sources of the remarkable growth performance of the Asian tigers from the 1970s to the mid-1990s (e.g. The World Bank 1993, Stiglitz 2001 , Amsden 2001 ).
This literature explains how the Asian tigers operated with strong government-administered systems of credit allocation and financial regulation, which played a major role in establishing credit flows to productive investments. The Asian financial market model did also operate with heavily traded stock markets, though these markets were less important than the system of administered credit allocation in affecting the flow of funds for investment. This system began to become dismantled in the early 1990s and particularly since the 1997-98 Asian financial crisis. Nevertheless, the results from our replication of the Levine-Zervos model suggest that this unique financial structure was the primary force establishing the positive and significant correlation that we observed between stock market turnover and GDP growth in the overall 47-country sample. Beyond this, our results lead to the conclusion that, at least for the 1976-93 period under consideration, no statistically reliable relationship operated at all between the level of stock market turnover within the countries in the sample and these countries aggregate economic performance as measured by GDP growth. 
